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ABSTRACT

Many scientific and technical endeavors require the reconstruction
of a three-dimensional solid from a collection of two-dimensional
contours, Ore method for this reconstruction involves a procedure
whereby individual pairs of contours are mapped together to form
sriangular surface patches. In this paper, we present an algorithm
which not only handles mapping situations of simple, closed contours
aut  alsa mappings of multiple contours per plane and partial contour
mappings. Also included is a discussion of algorithm limitations and

heuristics.
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I, INTRODUCTION

Many scientific and technical erdeavors require the reconstruction
sf a three-dimensional solid from a collection of two-dimensional
planar  contours. These contours are obtained by some sensor method
that samples the original three-dimensional solid along a finite number
of parallzl]l plarnes. The data extracted from that set of parallel
nlanes are contours that lie along the solid's exterior and interior

surfaces. “he contours on the parallel planes appear as lirne segments.

The line segments are either closed loops, open segments, or single

i coints. The goal of surface construction is the formation of surface ..

; patches between contours on adjacent planes such that an approximation .
2% thz original three-dimensional solid is formed. -

PRSI

l : Surface construction by the triangulation of two-dimensional -

. contours  is  the procedure by which a pair of parallel, planar contours

; are "mapped together" and thern "triangulated" into surface patches that

I form a su~rfaca display. The mapping coperation of the surface

; construction algorithm iderntifies which contours on consecutive,

% Jaraliel planes should be mapped together, and exactly which portions

f 2 those contours should be cormected. The triangulation operation

. furas khe  cornmecticns  between contours on adjacent planes by building
triangaiar  tiles bSetween those mapped contours. Each triangular tile

) 23 9.ilt from an individual line segmert from one conmtour and a single

. zaint fram the end of a line seoment on the other mapped contour. This

f tiiing  2saration is performed for  all  line sagments in the connect

i’
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|
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region of each mapped contour. The conriect regicon i1s that section

of coordinates designated as mappable for a pair of contours on
consecutive plares.
Notationally, this problem has been specified as follows:

"An  unknown  three dimensional solid is intersected by a finite
number of specified parallel planes.

Tha only inTarmation about the salid consists of the
intersections of its surface with the planes. Each of these
ntersections  1s  assumed to be a simple closed curve. These curves
are not completely specified; instead, a finite sequence of points
ercountered cduring 3 positive (counterclockwise) traversal of each of
the original curves is given. The curve segment between two
corsecutive polnts 1s  approximated by a  linear segment, called a
contour segmert.

We recduce the problam of constructing such an approximating
surface to one of constructing a sequence of partial approximations,
2ach of them cormecting twae contours lying on consecutive plares.

a -

[Figure 1, il

et cne comtour be defirned by the sequernce of m distiret contaur
points PQ, P!, ..., P(m=1), and let the ather contour be definec oy
the sequence of 1n distinct contour points 0@, Q1, ..., Q(n-1). We
rnate that F@ follows P(m—-1) and that G2 fallows Q(n-1), ard so
isrdicies of P are modulc m and indicies of @ are modulo n, We wish
t> create a swurface between the contours P and Q. The surface is
constructad of  triangular tiles bdetween these two cantours. The
verticies of these tiles are contour points, with the verticies of
zach tile tarken two from one sequence and one from the other. Thus,
each tile (s cdefired by a set of three distinct elements either of
tha Form {P1,PL, Gy o {Q1,C0k,P3¥. (Figure 1.2]

ZTach tile's boundary will comsist of a single contour segment and
Swi sgans, each coan2cting an end of the contour segment with a
ovmone doint on the other contour.”" (Ref. 13

™is snactatiornal specification of the problem is consistent in all
1anevs  acc2ssidle in the literature on surface construction (Ref. 1]

TSef. 21 [Ref. 31 (Ref. 41.
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Fig 1.1 - Two contours on adjacent, parallel planes.

g; = - surface patch defined
by {@;, @k, Pk}

Fig 1.2 - Mapped connections into triangulated
surface patches.
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The initial emphasis of this paper is a review of the previous
algorithms for surface construction. Included in this review is a
discussion of each algorithm's capabilities and limitations. After
this review, we present a new algorithm for surface construction that

is more comprehensive than any that has previously appeared in the

o literature. Fallowing that discussion, we examine the limitations of e

cur new aigorithm.




I1. LITERATURE REVIEW

In order to understand the nature of our new algorithm for surface
constructiaon, 1t is impertant that we understand the previcus
algorithms for surface carstruction. Four such algorithms have
mrovided the background necessary for the develooment of cur algorithm.

These are presented in chrorological order.

A. FLCHS ALGORITHM

The first algoerithm we examine for the reconstruction of a
three-dimensional object from its planar contours was presented by
Fuchs in 1977 [Ref. 13. The problem statement from that article
(reproduced in 2ur introduction) has been used in all subsequent papers
which build uwpon the Fuchs algorithm. The major contribution of that
article, in addition to the concise statement of the problem, is the
oresentaticn of an  algorithm capable of connecting simple, closed
cantours (Figure 2.1).

The orcbiem with the Fuchs algorithm stems from its inability ta
hardle multiple contours on adjacent planes (Figure c.2).
~¢ditionally, no wmechanism is provided to handle partial contour
mapsings o open  (non-closed) contours. With respect to the case of
ruitiole cortours an adjacent planes, no wechanism 1s provided to

certify  whichk of the contours should be mapped together. The general

.

cas2  for surface construction is to have multiple contours on each
siane, The praoblem with partial contour mappings is that the Fuchs

aizirithn can ovily construct a complete triangulation between adjacent

[
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Fig. 2.1 - Triangulated pair of simple, closed contours.
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Fig. 2.2 - Example of multiple contours per plane.
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contours, This limitation disallows partial triangulations of
cantours. Such partial mappings often are indicated for cases of r-~~‘
dissimilarly sized contours. Firally, the problem of apen contours can IR

be attributed to algorithm generality. A mechanism that solves the

partial contcur mapping problem can also solve this problem.

L
2. CHRISTIANGSEN ALGORITHM
n the Christiansen paper, an algorithm 1s presented whicn is T _'
similar to the Fuchs algorithm, The major dissimilarity 15 <the t
incldasionn of  a mechanism to  facilitate human interaction for the
resclution of hignly ambigusus contour mappings. Human interaction is .
4sed  to determine the relative connection points in the contowr mapping ¢
Jrocess for highly convaluted contours.
b
Siailarly t> the “=uchs algerithm, this algorithm can harndle
’ malpings <of simple, closed contours. It also has capabilities for g,;;f
naading  taogether simple  oranches. An example of such branching, seen ]
i Figure 2.3, 1s a pair of contours on one plane being maoped to a ;T~é;
R
zir3:e contowr on an adjacent  nlane. This capability allows the i L

algorithm  to handle simple cases of multiple contours on adjacent :::;;

Zlan2s.,  The method by which this prablem 15 solved is as follows: RSN
L. Introduce & new node midway between the closest nodes on the =
Sranchas, Tre I coordinate of  this rnode is the average of the 7
coordinates of the Swo contour levels (planes) invalved.

2. Renumzar th2 rnoces of  the 9ranches and the rnew rnodes such that
they can be Tonsidered as bteing one loop. [Figure 2. 4]

2. Tmiangulate as usual. Ref. Z: op. 189-1923

A et el tw
PRI YT
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Fig. 2.3 - Simple case of branching.
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The Christiansen algorithm 1s not capable of handling open contours,
nor i it capable of handling complex cases of multiple contours on
adjacent plares, except by way of expensive human interaction. A final
note of interest with respect to thie algorithm, is the use of a
Yeuristic far selection of the nodal cornections. In cases where
contours on  adjacent planes are mutually centered and are reasonably
simiiar in size and shape, selection for nodal connection is baseda an
"shortest diagonal” rather than minimum  triangular area [(Ref. 2: p.
18837, During this operation, one of two rnodes is selected to create
the nrext triangular surface patch. The nodes under consicderation are
the two "rext" nodes of each contocur. By determining the length of
aach of the possible cdiagonals for the surface patch, the connection

~zde 1s seiected based aon minimum length.

C. CSHANTZ ALZORITEM

“he algorit-m presented in the Shantz article [Ref. 3] extends the
algorithms of Fuchs and Christiansen to handle contour defined objects
whioh  arz2 highly branched and have holes. Multiple contours on
adjacent plares are handled by

"

« + .+ first corcatenating the contours on each plane into a
single large contour using minimum distance links, then performing
“he mapping tetween the resulting composite contours." [Ref. 3: o.
2422

-

Shartz uses the simple, closed contour mechanism of Fuchs to farm tne
connections  between the composite contours. Once the connections have
2eern formed, the extraneous ones (due to concatenaticn) are remcoved.

Seme difficult multiple contour cases for this algorithm reguire human

-l

L.

o

)




interaction to solve ambiguities. Similar to the Christiansen
algorithm, Shantz states that this should be avoided since human
interaction 1s ‘“extremely labor intensive." He cites a case which
required S8 to 8@ hours of contour splitting, using an interactive
cursor, to produce a surface display for the highly convoluted cortex
and hasal ganglia contours (extracted from the Livingston brain
zatabase).

This algorithm, similar to the Christiansen algorithm, 1s limited
in its ability to handle cases of open contours and partial contour
mappings. Alsc, cases of multiple contours on adjacent plarnes can oe
handled anly when a composite contour can be formed, or when

ambiguities are resolved via human interaction.

~. GRNAPATHY ALCORITHEM

The most recent algorithm  for surface construction from planar
cortours was presented im a paper by Ganapathy (Ref. 4]. That
aljorithm  is  essentially an improvement on the Fuchs and Christiansen
algarithms for simple, closed contours, without the capabilities
“asc~ised by Shantz. Like Fuchs, Ganapathy assumes a complete mapping
of rcontours, which is rot always possible. The improvement over the
Tuehs and Christiansen algorithms is attributed to the use of a more
scmputationally expedient heuristic for triangulations.

The orablem with the Ganapathy algorithm is that it presents a
gereral soluticn for handling only the simple case of mapping single,

clzsed contours an adjacent planes. The issues of multiple contour

mappings and partial contour mappings are ignored. Additionally, no

Lo a e s el sk ek s s s Ak s aadh ek Aahoond ol ek calee
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mechanism for user interaction is provided for resolving mapping

H ambiguities, further limiting the algorithm to simple rases.

E. SUMMARY

. None of the above papers provides a complete solution to the
_- prablem of surface construction via the triangulation of contours. R
:» what 1s required is an algorithm with capabilities for multiole

cantours  per plane and partial contour mappings. Additionally, the

F algorithm  shouid support simple cases of branching and provide a
: mechanism for  huaman interaction for the resolution of highly ambiguous ';fV;
; maspings. )

The surface construction algorithm we present handles not only the
simole contour mapping problem, but also provides a more comprehensive
procecdure for solving the multiple contours per plane and partial
mapping prablems. The only capability lacking from our algorithm is
that for handling branching as per the Christiansen paper. A detailed
discussion of our  algorithm follows, with a presentation of algorithm

“esuristics and limitations.

13
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I1I. THE ALGORITHM

In the last section, we presented a discussion of previous
algorithms for surface construction via triangulation. Here, we
present an in-depth discussion of our algorithm by first discussing
“nown 1nput/output data structures. Fullowing this presentation, an
overview of the major parts of the algorithm precedes a detailed

discussion of the parts.

A. INPUT/0UTPUT SPECIFICATIONS

The problem of surface construction of  an object from a set of
pianar contours, as seen in Figure 3.1, can be reduced to one of
constructing the surface triangulations between two adjacent plarnes.
e specification of the problem can be best viewed by detailing the

~~zwn innut data structures:

* totail(l) : number of contours on plane i.

+« stars(j,1) : start of contour J on plane i.

* length(y,1) : number of coordinates in contour j on plane i.
* tyne(3,1) : type of contour 3 on plarne i,

(CLLOSED_LOOP, OPEN_SEGMENT, or SINGLE_POINT)

* interior(g, i) : value of contour J's interior with respect to
the contour lire.
(4IGH, LOW, or INDETERMINATE)

+ coords(XYZ, pointer,1):  input coordinates for all contours on plane
1. To isclate contour 3 on plane i:
for (pointer = start(y,i) + k - 1),
where k = 1, length(j,i).

Srom  the above data, we desire to produce the following output data

structures:
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Fig. 3.1 - A partial set of planar contours from a 3D ZZ-orbital
of a hydrogen molecule.

Fig. 3.2 - Two dimensional bounding box used for determining
overlap percentage value.
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* num_coords t number of coordinates gererated for the two
input planes.

* new_coords(XYZ, num_coords): coordinates generated by the surface
construction process for the two planes.

* new_conns (num_coords): drawing instructions for each coordinate
generated (SETPOINT, DRAWTO, DRAWFOINT).

If the output data 1is 1in the form of triangular surface patches, an
alternative data structure 1s required:

* num_patches : number of surface patches generated for the
input two plares.

* rew_coords(XYZ) : new coordinates gererated by the connection
pProcess.

* patches (3, num_patches): a 3 by num_patches array of triangles.

B. THE ALGCRITHM
Our surface construction algorithm 1is compoosed of the following
sutlined steps:

(1) Input and Inventory Compilation:

The data structures defining the contours are processed to
extract the pertinent data. This data includes the number aof
contours per plane, the coordinates defining those contours and
the types of the contours. Additicnally, two—-dimensional
baunding boxes are described about each contocur for processing
consideration in step 2. This compilation of data creates the
jata structures required for surface construction.

(2)  Qver’lap Determination and Contour Item Mapping:

In this step of the aligorithm, we determine which contours on
adjacent onlares have significant overlap, and which contours’

exta2riors  are near. This information is used to designate which

Mt B e anfh dah Jaas 2
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contours should be connected via triangulations. The assigrment

of overlap 1is accomplished through the use of a value for the
averlap percentage. This value 1is computed from the areas of
the two-dimensional bounding boxes, as seen in Figure 3.2, of

each contour. The oaverlap percentage is used to give priority

to contour mappings that have the highest percentage of total
cverlap area.

In this step of the algorithm, we also perform cornsistency - - -
checks for each contour pair. Dne such consistency check is
2xecuted using the cantour interior specification arng the
sverlap percentage value. Contour interior specifications are
assigred as the value of a cortour with respect to its immediate

interior, Rs such, a contour is LOW valued if it is taken from

the extericr aof a solid object, such as the skin of an apple.

Conversely, a contour is HIGH valued if its immediate interior
15 non-salid. Using these pieces of information, we are able to
elimirate contour mappings of high overlap percentage which
~esult in arroneous appraximations of the original

three-dimensional solid.

2 illustrate the application of this consistency check, let us
2onsider the mapping example for Figure 3.3. Here we are

resented with a set of contours taken from a solid cone

standing within a hollow core. In this case, contour 1 on plane
i has a high overlap percentage with contour 2 on plane 2.

However, since contour 2 on plane 2 is low valued with respect
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plane 1
plane 2

contour 1, plane 1

contour 2, plane 1

J

centour 1, plane 2

contour 2, plane 2
»
C: Fig. 3.3 - Example of consistency check using item interior
. specifications with overlap percentage values.
»
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to 1ts solid interior and contour | on plare 1 is high valued,
this mapping can be eliminated.

The irnterior specifications are also used to determine whether
the mapping is interior to interior or exterior to exterior. An
interior to  interior mapping 1s one which maps the

interior of one contour to the intericr of another contour.
This form of mapping is indicative of contours taken fraom a
surface with a shallow gradient, 1. e., a surface where the
napped cantouwrs are of similar size and shape, and where the
contours have significant overlap. An exterior to
2¢terior mapding 1s one which maps the exterior of one
contouwrr to the exterior of ancther contour. This form of
wa’ping 15  indicative of contours taken from a surface with a
steep gradient, i. e., a surface where mapped contours are of
Z2issimilar size and shape, and where the contours overlanp
percentage is slight. Interior to intericr mappings are more
CCHNGY. The exterior to exterior manping is indicated for cases
af two contours  with a low percentage of averlap and differing
interior specifications (HIGH:LOW, or vice versa).

Sorat the Cocordinate Mapping for each Mapped Contour Pair:

S:r  each coordirate pair from step two, we form a complete

czordinate to coordinate mapping. A coordinate mapping

A tentative s=2t of triangulation corrections oetween the
cortour pairs, There are two procedures for determining this
1715:al  ceocordinate mapoing., The procedure used is dependent on

t-2 type of wapoing found for the paired contours in the

(X
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previocous step (interior to interior, or exterior to exterior).
Additionally, both procedures try to form triangulation segments
of shortest length, similar tco the Christiarsen algorithm. A
general statement of this selection process is that we are
trying to map coordinate i of contcur n, plane 1 to coordinate
of contour my, plane 2 such that the distance between the two
coorrdinates 1s  minimized. An additional qualification to this
distance minimizing criterion is that coordinate connections ao
not  oross, 1. e., coordinates 3 and 4 of plane 1 are rot maoped
to coordinates € ard 3 of plare 2 respectively.

Continuity Recognitian:

The coordinate to ccordinate mapping formed in step three is
examined for continuity. Continuity, in this case, is defined as
fallows, “irst, we form sets of coordinates from the coordinate
mapping <uch that each coordinate of each set is constraired
~#ithin a coordinate tolerance and within a distance range. The
coordinate tolerance factor is a ratio of the number

of coordinates in the larger contour divided by the number of
cacrdinates in the smaller contour times a window value. The
talerance factor is used to group coordinates into a single set
based upon  their mapped coordinate number being within plus or
minus tolerance of the last mapped coordinate added to the set.
The tolerance sets formed are then compared for overlapping

distance ranges. Any sets that have overlapping distance ranges

are then merged. The merged set with the smallest distance in

Z6




it is the set of coordinates for which connections should be
generated. All other coordinates are left unconnected.
(S) Mapping Cancellatign:

Once we have decided to gererate the connections for a part of a
contour, we cancel any further mappings to that piece of the
contour, This operation is required for partial mappings in
which two or more contours on one plane are to be mapped to a
single contour on  another plane. This cancellation orecludes
connecting contour points which have already been selected for
connection.

(E€) Correction Formaticon:

We 1Jererate the coordinates for the triangulation cormections
specified in step four. "In between" coordinates, coordinates
riot  directly mapped but within the tolerance factor for the
connection mapping, are also added to the picture. The goal of
the process is to form minimum area triangular surface patches

for each segment of the mapped connecéion regicn,

1. Irput ard Inventory Compilation

The input data to the algorithm consists of the contour
descriptions  for ftwo adjacent planes of a three-dimensional salid. The
uraose of this step of the algorithm is to segment this data into
senarate cortour descriptions and to determine the individual
characteristics of each contour. Figure 3.4 consists of two adjacent
planes, each having three concentric rings of similar shape and

continuity. Figure 3.6 consists of two closed loops on each of its

o~
~




(1,1) -
(2,1) '

(3,1)

(1,2)
(2,2)

(3,2)
Fig. 3.4 - Example of multiple contours per plane on adjacent E
planes. N

TN \ y. s
WMTMWW

Fig. 3.5 - Connection of Figure 3.4. o
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(1.1)

(2,1)

(2,2)
(1,2) B
;;A‘ s
L
Fig. 3.6 - Example of a set of contours requiring partial mappings .
and an exterior to exterior mapping; (1,1) and (2,1) to (2,2). c
+ HIGH interior value -
- LOW interior value f::
T
N
-“,..
k.
3

.....
v

Fig. 3.7 - Connection of Figure 3.6, with contour interior values

for each contour. N

29 e




B S A S A N R Sl Al e el So g varw L AN B S gt Snd Aok el Aok and and aus WSO ORAatalec At Abab b A Ade S0 afe Al A% e A) s She A\ Bte are ¢ ]

planes. Plane 1| has two small interior lobes, while plane 2 has one

large surrounding contour with a small interior contour. The contour

descriptions for these figures are composed of:
- the starting coordirate location,

- the total number of coordinates,

- the contour types, s
- the interior values, and L
- the contours' two—dimensional bounding boxes.

With the exception of the interior values, all of these characteristics

i LA
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]
¥
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are easily abtainable fram the iriput data.

The procedure necessary to obtain the contour interior
specifications requires an evaluation of the data values lying along T
and interior to the contour (see Figure 2.3). If these values are not
contained 1n  the input data, a mechanism reeds to be provided to allow ?f}
for  user specification of contour interior values. The range of . S
trterior values is HIGH, LOW or INDETERMINATE. Without this value tne
contour  pairing operation encountered inm the multiple contours per
plare situation is difficult. In that case, some form of human
interaction 1s recessary to designate which pairs of contours should be
napoad  together, If an interior value 1is not available, and the
mapping situation is not complex, it can be set to INDETERMINATE

without surface construction degradaticon.

2. Qverlap Letermination arnd Contour Mapping

The averlap determiration and contour mapping procedure of the

surface construction algorithm is the process by which tentative
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contour to contour mapping assignments are made. The contour
characteristics which are necessary for this procedure are the
two-dimensional bhounding boxes and the contour interior specifications.
This mapping process is the key camponent in the disambiguation of
multiply paired contours,

The overlap determination and contour mapping procedure is
accomplished in the following manner. First, the two-dimensional
Sounding box of each contour on plane 1 is compared for overlap with
the two-dimensional bounding box of each contour on plane 2. The
cocrdinates which define these bounding boxes are the minimum and
maximum X and Y coordinates from each of the contour descriptions.
(Additionally, these cocrdinates are adjusted by a constant value to
promote  overlap for exterior to exterior mapping situations.) From
this aoperation, a table called the overlap table is produced. It is a
two-dimensional table that contains a value for each possible pairing
of contours between the two planes. The value recorded in each table
entry indicates the extent to which each contour overlaps. If theré is
ro bBounding box  overlap for a pair of contours, a value of Q.2 1s
recorded in  the table. If there is overiap, the value recorded in the
table reoresents the percentage of overlap with the larger of the two
cantours, TSis value is computed by dividing the area of the bounding
2ox overlap by the area of the bounding box of the larger contour.

After the overlap percentage has been computed for a contour
pairing, 1t is used in conjunction with the interior specifications to
determire the mapping type for the contour pair. An interior to

interiar mapning is indicated when a high percentage of coverlap
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(greater than 10%) exists for a pair of contours. A consistency check
for matching interior specifications is performed for every pair of
contours  that exhibits this high an overlap. The consistency check
requires that each contour pair have either HIGH:HIGH, LOW:LOW, or
INDETERMINATE:anything (HIGH or LOW) interiors. Contour pairings with
high overlap but inconsistent interior specifications result in an
adjustment to the overlap table of 2.8 percentage of overlap. An
exterior to exterior manping i35 indicated when the overlap percentage
is 1low (iess than 1@%) ard item interiors are non-matching. Finally.
all contours with low overlap percentages and matching interiors are
teroed in the overlap table.

Figures 3.8 and 3.3 graphically represent the overlap
cetermination and contour mapping for Figures 3.4 and 3.6. Irncluded in
thes2 figures are the overlap tables produced by this procedure. The
table 1in Figure 3.8 shows three valid overlap percentages for three
di“ferent contour pairs: (1,10 - (1,2), (2,1) - (2,2), and (3,1) -
(3,20, four of the entries have been zeroced by the consistency check
nmechanisn. Without this capability, high valued overlap percentages
would appear in the overlap table with human interaction required for

their disambiguation. The table in Figure 3.9 shows two high overlao

percentages ard tw> low overlap percentages. This data indicates that

PR
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cordours (1,1)  and 2y 1) both map interior to interior with contour
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(1,2, The low overlap percentages indicate that contours (1,1) and

‘rldR

(2,1) map exterior to axterior with contour (2,2).
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Fig. 3.8 - Bounding boxes and overlap table produced for Figure 3.4

33




. _ OVERLAP TABLE

. Plane 2

CONTOUR 1 CONTOUR 2

CONTOUR 1 4386

[¢13

16.0295

g Plane 1

. CONTOUR 2 0295 5 4386

Fig. 3.9 - Bounding boxes and overlap table produced
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3. Form the Coordinate Mapping: Interior to Interior

The coordinate mapping formation procedure for each coordinate
pair having a non-zero overlap (in the overlap table) begins with the
pair having the largest overlap percentage. RAll remaining steps in the

surface construction algorithm are carried ocut on this pair before the

rnext pair of contours 1s considered for mapping. Mapping paired
contours  is on  a largest to smallest overlap percentage ordering.
Since exterior to exterior mappings are indicated only in situations ..o
where th2 averlap percentage is laow, they are considered for mapping

cnly after all interior to interior mappings have beern performed. This

study follows that ordering and completes the description of the ?;;9
interior to  interior mapping process before considering the separate

process recessary for exterior to exterior wappings.

“he first operation performed on an interior to interior
asverlap pair is the determination of which contour is interior to the
other, This assigrment is accomplished by comparing bounding box areas

for the contour pair and designating the contour with the smaller area

as anterior, Orce the interior contour assigrment has been made, the
center cacrdinate of that contour's bounding box is computed.

-

e krowledge of the center coordinate of the interior contour

1s used in the following marner. For each coordinate of the inrer

contour, we determine which ccordinate of the outer contour is closest

tx a vectar drawn from the center ccoordinate of the inner contour
through the coordinate of the inner contour (see Figure 3.10). We add

the gualification that the osuter coordinate selected by this procedure

st  He  farther from the center coordinate than the inner coordinate.




bounding box
for (1,1)

Fig. 3.10 - Vector radiating from center coordinate through the

interior coordinate towards the outer contour for tentative mapping

« large relative change in
distance and mapped coordinate

number sequencing

inner outer

dist
coord coord ietance

. . L)
. . .
. - .

24 52 0.2001

25 &3 0.1769

28 69 0.8087
. . L)
. . .
L] [ ) *

Fig. 3.11 - Example of a case where tentative mapping coordinates

and associated distances vary greatly.
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Alsc, the outer coordinate must be on the same side of the vector as

the inner coordinate. The outer coordinates selected by this mapping
process are recorded as the tentative ccordinate map
coordinate for each inner coordinate. We also record the
two-dimensional distance from each inner coordinate to its tentatively
mapped outer coordinate. The resulting data structure contains the
mapped outer coordinates with the distance to the inner coordinate to
which it 1s mapped.

The tentative cornection map for Figure 3.4 is very good. Due
to the similarity in size and shape of the mapped contour pairs, there
15 very little variation in the mapped distance values and the
coordinates selected for mapping appear sequential. On the other hand,
it can be seen in Figure 3.11, that large variations in distance values
result fram this tentative mapping process, and mapped outer
cocrdinates appear with large gaps ig the sequencing. This is due to
the dissimilarity of the contour pairj the inrner contour is relatively
simple and much smaller than the conveluted outer contour. The
praocedure used to delireate a correct mapping from this tentative
maldping is cdescribed below.

a. Continuity Recognition

The continuity recognition procedure uses the tentative

cormection map and associated distances for a pair of contours to

determine the set of coordinate mappings that should be made for that
pair, In the previous step of the algorithm, we produced the tentative
cornvection map for all of the coordinates of the inner contour. This

provides a  rough  approximation of the final mapping, but it must be
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noted that not all of the inner coordinates need be involved in the
final mapping for that pair. The contiruity recognition procedure
builds sets of coordinate mappings that are both continucus and of
similar mapped distance range. These continuity sets are ther used to
determine the conordinate sequences that should comprise the final
connection mapping.

The first step 1n this oprocedure 1s to assign each
coordinate pairing of the tentative connection map to an initial
continuity set. This is accomplished by stepping through the
coordinates of the inner contour In  sequence and comparing each
cacrdinates’ mapped outer coordinate to the last ccordinate added to
the last created continuity set. If that coordinate is within a
tolerance factor of the last coordinate added, 1t is added to that set.
If the coordinate in question 15 rot within tolerance, a rew set is
created with that coordinate mapping as 1ts start. The tolerance
factor used 1is a ratico of the number of coordinates in the outer
contour  divided by the number of ccoordinates in the inner contour times
a window value, (The window value is discussed in the next chapter.)

Ta illustrate this continuity set assigrment, let us refer sl

to the example in Figure 3.11. Here, the tolerance factor is (@ .
caordinates. The last ccordinate considered is inner coordinate number :
24, The next coordinate considered is coordinate 25, which is mapped
Yo outer coordinate 53, This coordinate is within the tolerance factor
2f 1@ and is added to the last created continuity set. Inner

czardinate  rumber 26 is mapped to outer coordinate 69. This outer

cocrdinate 1s outside of tolerance with the last coordinate added and




therefore, a new continuity set is created with this coordinate mapping
as 1ts start.

This initial step of the continuity recognition process is
a fast method for aggregating coordinate map pairs. In addition to
building the initial continuity sets for the tentative mapping, we keep
track of the minimum and maximum mapped distances for each continuity
set. These values are used for merging continuity sets in the next
step of the process.

The 1initial sets gernerated for Figures 3.4 and 3.6 are of
narticular interest. This step of the continuity procedure placed all
of the tentative mappings for the coordinate mapping pairs for Figure
3.4 into a single set. This can be attributed once again to the
cantours’ similar shapes and sizes. On the other hand, coordinate
mapping pairs for the mapping (1,1) - (1,2) of Figure 3.6 resulted in S
initial continuity sets with varying distance ranges (see Figure 3.12).

Once the initial continuity sets have been created for a
contour  pairing, we merge any sets that have overlapping maoped
distance rarges. This merge process reduces the total number of sets
and further aggregates the coordinate pair mappings to sets with
coordirate number continuity and distance range similarity. in
reference to ouwr examples, rno cantinuity set merge was reguired for
Sigure 3.4 due to its singular initial continuity set. Figure 3. 12
shaws  the initial sets with distance ranges and the merged sets with
cistarce ranges for the contour pairing (1,1) - (1,2) of Figure 3.6.
in that figure, the 5 initial continuity sets have been merged into 3

sets of non-overlapping distance range.
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Total Initial Sets = 5 Total Merged Sets = 3

) Set Min. Max. Set Min. Max .
Name Dist. Dist. Neame Diet. Diest. :%
1 0.0176  0.1052 1 0.0176  0.1052 ;
2 0.1769  0.2083 2 0.1769  0.2083 5
3 0.6067  0.6482 3 0.6067  0.6482 T d
4 0.1769  0.2083 R
5 0.0176  0.0688

Fig. 3.12 - Initial continuity sets and merged continuity sets for
the contour pair (1,1) - (1,2) of Figure 3.6.

bounding box
overlap area

Fig. 3.13 - Bounding box overlap for exterior to exterior mapping.
Only the coordinates within the overlap area are mapped.
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After we have merged continuity sets, we need to determine
which of those sets of coordinate mappings is the one that should be i
used for connection formation. The choice is clearly the set with the
smallest distance range. With this decision, we validate all
ccardinate pairings that are members of this smallest distance set, and

cancel all other coordinate pairings for that set of contours.

b. Mapping Cancellation
The validated coordinate connection map for the contour
pair has significance beyond indicating which coordinates need to have
cormection segments generated. It also indicates "filled" connection
aositions. By filled we mean that once we have formed connections to a Fa
cocrdinate segment of a contour, that segment should not be reused for

any further mapping that occurs for the two current, adjacent planes.

This mapping is both checked and recorded at this stage aof the -
algorithm, Mapping cancellation examines the coordinate mappings for
which a validated mapping has been assigned. If either of the two

coordinates, inner or outer, has been assigned to a higher priority

mapping for  this pair of planes, then that mapping is cancelled. Once

these connections have been struck from the connection map, all

remainivg validated cornections are recorded as filled. =
An additional tasking of this cancellation process concerns

whether the mapping of either contour resulted in all coordinates

defining that contour being included in the mapping. In that case, all E‘”:'

cther nossible pairings with the completely mapped contour are

cancelled. This 1is accomplished by zeroing the overlap on that

contour?s row or column of the overlap table.
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c. Connection Formation

When the above steps have been completed for a pair of
contours, the remaining process of generating the appropriate line
segqments 1s relatively simple. The final coordinate mapping for the
inner contour is examined for continuous segments of validated
connections. When a continuous segment is defined, the beginning and
ending coordinates of that segment (for both the inner and outer
contours) are used as boundary pointers for cormection formation. The
coordinates in between those pointers are stepped through one at a time
by a process whose purpose is to generate the minimum area triangular
surface patch, as defired in our introduction. The surface patch is
formed by using a line segment from one contocur as the triangle’s base,
ard a coordinate from the =ther contour for the triangle’s third point.
The winimum area selection is accomplished by a procedure that chooses
the next line segment between the contours that is both the shortest
and within the mapping specified for the two contours, This is
identical %o the heuristic used by Christiansen in [CHRISI. Differing
caordinate ratas between the two contours are taken care of by using
t7e coordinate ratio (from the cortinuity tolerance factor) betweer the
contours., This ratioc allows the pgrocess to generate several line
segments emanating from a single coordinate when ther=2 is a cocordirate

ratea differential between twco mapped cortzurs.  The lines gere-atad =y

L

this procedure for Figures 3.4 ar2 3.5 are shown in Tigures 3.T ard

7, respectively.
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4, FEorm the Coordinate Mapping: Sxtericr o Sxterior

We begin the exterior to extericr mapping Jroczss a* the sane

aoint of the algorithm where we departed in the descrigiion oF t-e

interior to interior mapping process. In “eeping with our ordaring

criteria for mapping contour pairs, we examire the conbtour Za2i-

requiring an exterior to extericr mapping which h5as the hizhest overlaz

n
)
-h
ot

percentage in the overlap table. All remairirg st=p
are carried out on this pair before the nrex®t pair 7 a2xferic- b:

exterior contours, in larzsst to smallest averlas arza, is

n
h

t

In Figure 3.13 we are presented with an 2rnlargad visw of ==
;)

(X

bounding box overlap area of the contour pairing (2,10 - (3
Figure 3.6. This area of overlap contairns all of the coordirates fron JRER

both  contours which are invalved ir the correctiorn napping. “he fi-st

operation performed orn  an exterior to sxterior mazped cveriap fal~ iz

1 4 B
the determination of the set of coordinates in both 2ontcours “hat is
within the overlap area. The contour with tre smallar =uades -7

coordinates in the overlap area is used in the formaticer 1T 4
connection mapping between the contowr with the larger rumier o7

coordirates in  the overlap area. The basis for this corsrecticn mas o

U

the determimation for each coordinate {(in the smaller cozrdinsatz z

i

contour) of the coordinate in the cther cortour coordirate set ** it .

Lt

the shortest distance away. This determivnaticr is a simpler vewsizm f

.
R}

£

the distance minimizing process for connection  set  assigrmers 1€

o+
r
3

intarior to interior mappirgs. The product of this process is

connection map for the pair of contours. The use of continuity sets

&
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1s not necessary for exterior to exterior mappings due *tc  tF2

relatively small number of ccordinates which comprise the conrecticn
set.

Once we bhave pgererated this carrnection set, we us2 the same
mapping cancellation and connection formation procedures as cescribed
for the interior to interior mappings. The connection  formation
procedure again uses the cornnection set mapping to find contirvec.s
Ta

segments of validated crordinate assigrments. 12 cantinuous segiment

)

thus defined 1is wused to form triangular swface patches for all 1lre

N

segnents and coordinates within that segment. The firnal connection
formation for the exterior to exterior wmappings, (1,1} - (&,2) ard

(2,1) - (2,2) of Figure 3.6, are shown in Figure 2.7.
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Iv. ALGORITHM HEURISTICS AND LIMITATIONS

In the preceeding chapter, we presented an explanation of our
algorithm for surface construction. PFParticular attention was devated
té our algorithm’s handling of the multiple contours per plane and
partial contour mapoping problems. It must be emphasized, however, that
oyr algorithm does not provide a complete solution for all sets of
contour surface data. In this chapter, we investigate same of the
limitations of our algorithm. In order to do that, we must first

discuss the heuristics employed by that algeritbm.

A. HEURISTICS

Dur algorithm utilizes three heuristics which are esserntial for the
correct connection of planar contours. These heuristics were presentes
briefly in the last chapter, but we feel it is recessary to exnslain
more fully their application and interaction regarding the cortour
mapoing oroblemn,

1. QOverlap Percentage Minimum

In step two of our algorithm, we determira the percantage of

overlap between contours on  adjacent planes. These nerzentages ara
then considered 1in a consisterncy check for matching contaour interizr
specifications. The heuristic in guestion, the =zoverlac perce-tas
minimum, 15 applied in the final ophase of this contzur 2airiag
procedure. Contour pairs having an overlap percentage vai.e aZova t-e
overlap percentage minimum, with matching interior specifications, are

designated for interior to interior mapping. Cartour sairs havirg
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nen-zero percentages below the overlap percentage minimum, with
non-matching interior specifications; are designated for exizrior %2
exterior mapping. All other contour pairs are disregarded.

The value we have utilized for the averlap percerniage minimum
is ten percent. We found, through experimentation, that the assigrment

of this value resulted in the greatest nrumber of correct comizur

pairings. Scme contour pairs which should be wapped, hawever, :r2 S
disregarded for mapping because of this selection (of [a%) fo- thka

overlap percentage minimum, In Figure 4.1, we are presented with an Lo \

example of such a situatiorn. In that figure, we have a fair c*
contours with matching interior specifications (HIGH:HIGH), and havirng

an overlap percentage less than ten percent. By cur heuristic, %4is

contour pair would not be considered for mapping, and would remain

Py

ey

PR

unconnected.

One possibie solution to this problem would se a wecharisy
which used a relaxation procedure to forc2 a mapping Setween the zair
of contours. This mechanism could be selected by the user to desigrats
contour pairs for mapping which would otherwise be disregarced., ©
. applied to the mapping situation of Figure 4.1, arn apsresriate
connection could be gererated.

2. PBoundary Teolerarnce Percentage

The next heuristic to be discussed comes into olay irn $ne
- initial two steps of our algorithm, Specifically, the two cperatians
involved are the determinaticn of contour item two-dimensicral tcunding

box values, and the usage of thase values for overlas determinabior.

. As orevicusly discussed, exterior to exierior contzur mallings are

46




AN
PPN

o

]

i
P Y
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Fig; 4.1 - Example of 2 contour pair which should be mapped, but
would be disregarded due to overlap percentage below the minimum.

(1,1

overlap area

(2,2)

Fig. 4.2 - Example of contours’ 2D bounding boxes created strictly
from the min and max X and Y coordinates. Resulting overlap = O.
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:‘ indicated for pairs of contours with a low percentage of cverlapn arc
l non-matching interior specifications. In the initial cevelopmernt of
: our algorithm, e utilized the minimum and maximum X and Y coordinates
of the contour to describe its bounding box. We found, however, that
' in the majority of cases, these values resulted in zerc parcentage of
overlap between contours which should be mapped. Arn 2xample of this
limiting of bounding box values can be seen in Figure 4.2. I that
E figure, we are presented with the contour pair from Sigure 3.13. In
this example, it can be seen that limiting the bounding boxes for thnece
two contours to their respective minimun and maximun X and Y soorcirats
‘; values results in zero nercentage of averlap. This {s  an
unsatisfactory situation since the contours should be mapped.
To remedy this situation, we adjust the oocurding box values by
I a percentage to promcte mapoings in situations similars 42 that of
?, Figure 4.2. Once again, we are presented with th2 opporiunity to
; utilize a relaxation procedure, prompted via user irtervention, for
i' mapping situations not included by this heuristic. A mecharnism coulc
f: be provicded allowing the user to designate the bounding -oxzz for
E:z individual contours, and thereby force a maoping between the desired
;j set of contours,
‘ 3. Tolerance Multiplier
In an interior to interior mapping situation, a taol=zrance
Ff factor 13 used for the determination of the iritial contiruity zet
3; assigriments. This tolerance factor is a ratio of the number of
ta coordinates in  the outer contou- divided by the number of coordinates
3
é in the 1irner contour times a window value. The wirdow value is a
f-'.:'
.
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constant which we found necessary for the selection of aporopnriate
mapping connections. We chose to utilize a tolerance factor in this
step of our algorithm, as well as in the cornrecticn Formation
procedure, because it provides an inexpensive neans for restricting 4te

search space in the selection of mapping cormections.

B. LIMITATIONS
In the preceeding chapter, we demonstrated the capacilities of -ur

- - -

algorithm, with emphasis con 1its hardling of the preblems of wuitizie
L 4
contours per plane and partial contour mappings. We have founc,
however, that there exist contour mapping situations which cannmst Se
handled by ocur algorithm.
The first mapping situation concerns simple brarching =f aove
contour on one plane to two or more contours on an adjacernt zlarne (szee

Figure 2.3). In this situation, we found that the apolicatior of cur

algorithm ‘procuces an incomplete contour mapping due to sissing dat

i

Orne possible solutien tao this mapping orablem is the inclusiza of =
procedure for creating an introduced node similar to that descrized iv
the Christiansen (Ref., 2] paper. This special case procedure could te
selected automatically, or initiated via user irteractiaon,

The next ilimitation of our algorithm manifests itself irn situyaticens
where highly convoluted contours, with extreme narrowings, are wasqed
inrterior to interior. The prablem here is due to the intericr %o
interior algorithm's dependence on the overlap regicon bounding box's
center ccoordinate for the tentative coordinate mapoing. Tor tka2

portion of the contour near the certer coordinate, the tentative
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coordinate 1is fairly good. For the portion of a contour on the sther
side of a narrowing, where the center coordinate is no longer certral,
the tentative mapping is erronecus. The problem - comes when the
tentative mapping is so bad that the continuity recognition procedure
fails, and contour segments are incorrectly left unconrected.

The solution to this problem i1s fairly simple and within the
purview of our algorithm. If the convoluted contcour i1s segrentzc at
the extreme narrcwings, it 1is possidle to treat =zach open segment =F
the original contour as a separate contour. Using the original
algorithm, we can gererate centers for each rew cortour, anZ hercs

z

coordinate mappings, which result in a more corrvect approximaticor o
the original three-dimensicnal object. The only capability lacking
from our present algorithm is a mechanism for partitioning the zrigiral
convoluted contour, This mechanism could be either user specified or
automatic. The user specified option is favored due to  ths
computaticnal expense involved for automatic contour segmerntaticn,

The next limitation also corncerns interior (o interior contou-
mappings. In situations where sections of a contour tend 5o e rear
parallel with the vector crawn from the certer coordinate of the ivrner
contoury, erroneocus mapoings result. An example of this situaticwn zar
be seen in Figure 4.3. For those segments of the outer cantour which
are nearly perpendicular to the tertative cormnection vector, an
appraopriate connmection map is generated. As the contour segrent
becomes more parallel to this vector, the tentative correctiorns

generated begin to falter,




erroneous
tentative

- mapping

<« :
correct

/7 Y mapping

Fig. 4.3 - Example of situation resulting in an erroneous tentative
coordinate mapping where contour segment becomes near parallel
with the tentative connection vector.

overlap area
percentage > 10% N promeceme-e sesmcecesncsmmencssnaceonsan

correct
mapping

no connection

RN
point generated :vgf\
PORAAY
L ..! -
Fig. 4.4 - Example of a situation where two contours are mapped
interior to interior which would result in an incomplete mapping.
O
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The remedy to this problem is very similar to that for the previcous
situation involving highly conveluted contours with extreme narrowings.
Segmentation of the original contour into several apeh segnents, which
could be mapped separateiy, would greatly improve the guality zf the
tentative coordinate mapping. Once again, user intervention is the
preferred method of contour segmentatian.

The final problem situation to be discussed concerns interior to
interior maopings where the inner contour 1s not contained in the cutar
contour, This situation would result from contouwr data taken froam a
torus, such as a doughrut. An example is iliustrated in Figure 4,43,
The problem with this mapping situation resuits from the use of the
tentative connection vector emanating from the center of tha ianar
contour. Sirnce the center ccordinate of the inner cortowr iz displaced
from the center cocordinate of the outer contour, tertative mappi~ngs arz
generated only for that section of the cuter cortowr which is o thz
same side of the tentative cormection vector (see Figure 4.4). “he ret

J

+J7

-

result is a partial mapping of two contours which sheould 9e tata
cornected.
A practical sclution to this mapping proolem, which could b2

readily adapted to owur algorithm, is described in the Christ

ot

iarzan
paper (Ref. 21. In mapping situaticns wnare contours to Se mapped are
not  mutually centered, Christiansen recommencs a translation procscure
ento a  unit  square, centered at (@,2). The principle of this 2rocess
is to translate the two contours in such a manner that they becone
mutually centered within the unit square. Application of the interice

to interior algorithm at this ocint would result in the desirec

Se

Y A ARS
.l
g

A
7
Hﬁ

.y




P

)
. . ‘\__. . .« " e te . - - . .'-.. .« - - - » - v - . '-.'~.'-
R RN L 2 DG SRR T e L L i

mappings. Tentative mappings would be generated for the cantours?
original coordinates, thus allowing the appropriate cormections to se

formed in the final step of the algorithm.

C. SUMMARY

It has been the purpose of this chaptér tn i1nvestigate the
Iimitations of our algorithm, and provide practical sslutions whers
nossible. Additionally, to a lesser degree, the heuristics eunploysd by
~ur algorithm have been explained to ircrease the understarding =f f-2
reader. We feel that our algorithm provides a soclution to the multipls
contours per plare and partial mapping problems, bu* must concede thab
it is not a total solution to the problem of surface constructicon Fron

nlanar contour data.
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V. CONCLUSION

It has been the goal of this paper to describe a rew algorithm for
the surface construction of a three-dimensional object from a set of .
that object’s planar contours. Thé greatest part of this paper has
been devoted to the capabilities of our algorithm, specifically, 1ts
handling of the multiple contours per plane and partial contour mapping
problems. We have included a discussion of the limitations erncocuntered
thus far by cur algorithm for specific problem mapping situations.

In view of the limitations presented, we must comment that cur
algorithm does not, in its present form, provide a conplete solution iz
the contour mapping problem. Further develooment 1is required +tao
alleviate the problem areas discussed in Chapter IV, It is probable,
however, that the carrection of these algorithmic shortcomings will not
ensure a complete solution to the contour mapping problem. ke foresee
that in some situations either user interaction or an alterrnative

aporoach may be required.
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APPENDIX - PSEUDO-CODE ALGORITHM DESCRIFPTICN —

A pseudo-code description of our surface construction algorithm
follows:

FACE_IT
<

Input the coordinates for two adjacent planes. Make a local copy
of the coordinates.

DELINEATE_INVENTORY

{
Take inventory of the contours in the coordirate sets. This
inventory determines the total number of contours for each nlane
and records where each contour 2egins and ends.
. }
TYPE_INVENTORY
{
We determine the contour type of each contour -in each plarne. IR
There are three possible types: CLOSED_LCCP, OFEN_SEGMENT, and -
SINGLE_POINT. o
¥ SRR
* BOUND_ INVENTORY
{
Determine the rectangular, two-dimensional bcundary of =sach
contour. Increase those boundaries by a constant to increase
the possibility of detecting appropriate exterior to extericr
mappings.
¥

INTERIOR_DETERMINATION

{
Determine whether the intericr of =zach contour is HIGH or LCOW
valued with respect to the current contour level. This value
can Je assigned interactively in cases where the information
to make this determination is not available. These values
are used in a consistency check for selaction of contour paire
for mapping.

>

. OVERLAP_DETERMINATICN
- {
Compute the overlap table for the contours of bath planes. The
values in the table are the percentage of cverlap for each
possible contour pair on the adjacent planes. If there is ro
overlap, a value of 3.0 is recorded.
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- Contour mapping types are also assigned at this step of the HEAA
algorithm. Contour pairs with a HIGH percentage of overlap, IR

matching interior specifications (HIGH:HIGH, LOW:LCW, or . .
INDETERMINATE:anything) are assigned interior to “irterior type IR
mapoing. Those pairs with a non-zero aoverlap percertage, celsw
10%, with non—-matching interiors are assigned exterior to
exterior mappings. All other contour pairings are zeroad.

>
CONNECTION_DETERMINATICN
{
This step of the algorithm orders the pairs to 9e mapped, ard
forms connections for the assigned types of cortour mappings. .
This step is detailed belcow. R
¥ ..

} /% end of FACEIT »/

CONNECTION_DETERMINATION ?;{5;
{
whiie .true.
{

Find the largest overlap percentage in the overlap tadle. If the
largest value = 2.3 then GUIT.

If the contour mapping indicated by this largest cverlap value is
exterior to exterior . . . .

EXTERIOR_TO_EXTERIOR_MAPPING

{
Determire the set of cocrdinates in each contowr that are in the
overlap area.

For the contour of the overlap pair that has *he least rumber of
coordinates, find the minimum distanced coordinate of the other
contour,

Assign all cocordinates within the aoverlap region to the correc-
tion set.

3 /+ end of EXTERIOR_TO_EXTERICR_MAFPING */

else
/% perform an interior ta interior mapping #/

INTERIOR_TO_INTERIOR_MAPPING
{ .
Determine which contour of the pair is interior. This assigrment

S€
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is based upon which contours’ bounding box is smallest.

Compute the center coordinate of the inner contour’s bounding
box. Check to make sure that this point is inside the contour.
If it is not, the contour needs to be partitioned.

For each coordinate of the inner contour, determine the coord-
inate of the outer contour which is closest to a vector drawn
from the center coordinate thraugh the coordinate of the inrer
contour. Store the coordinate as the connection map coordinate
for the inner contour. Also, record the mapped distance from
each inner coordinate to its mapped outer coordinate.

RECOGNIZE_CONTINUITY
{
/% Determine continuity sets in the twa contours using the
the connection map and asscciated distarces. */

INITIAL _CONTINUITY_SETS

{
Assign the coordinates of the connection map tc a con-
tinuity set based upon whether each consecutive coordirnate
is within a coordinate tcoclerance factor. Thisz tolerance
factor is a ratio of the rumber of coordinates in the
outer contour divided by the number of coordirates in the
inner contour.

>

INITIAL_SET_DISTANCE_RANGES

{
Determine the minimum and maximum distance ranges 7or eacH
of the continuity sets.

¥

CONTINUITY_SET_MERGE

{
Merge any continuity sets that have overlapping distance
ranges, maintaining the distance range for any merged set.

¥

CONNECTION_SET_ASSIGNMENT

{
Assign coordinate cormections for the coordinates of the
merged continuity set that contains the smallest distance,
All other continuity sets are left urnconrected.

¥

b /% end of RECOGNIZE_CONTINUITY #/

/% end of INTERIOR_TO_INTERIOR_MRPRING #/
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MAPPING_CANCELLATION

{

Examine the coordinate mappings for which a cornnection has been
assigned. If either of the two coordinates, inner contour or
cuter contour, has been used in a previous, higher priority
mapping for this pair of planes, that coordinate mapping is
cancelled. Once these filled corrnections have been struck fram
the connection map, all remaining validated cormections are
recorded as filled.

CONNECTION_FORMATION

{

Gerierate the conrections for the validated coordinate map. Thisz
is accomplished by stepping through the cormection map ard
forming cocordinate connections where indicated. In tetween
cnordinates, those not directly mapped but within the $clerarnce
factor for the conmection mapping, are alsc added to the sicture.
The goal of the connection process is to form minimum area’d
triangular surface patches.

/% end while .true. of CONNECTION_DETERMIMATION */

/% end of CONNECTION_DETERMINATION #*/
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